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(54) SECONDARY BATTERY 

(57)Abstract: 

PURPOSE: To largely supplement the capacity 
deterioration caused by charge/ discharge cycles by 
adding and mixing one oxide selected among BaO, MgO, 
and CaO to a lithium containing composite oxide, and 
generating the positive electrode of a lithium ion " 
secondary battery. 

CONSTITUTION: Mn02 and Li2C03 are mixed at the 
atomic ratio of 1 :2 between Li and Mn, and the mixture 
is baked in the air at 800** C for 20hrs to obtain 
LiMn204, for example. One or more of 2 pts.wt. selected 
among BaO, MgO, and CaO and graphite of 8 pts.wt. are 
added to LiMn204 of 87 pts.wt. for example, for wet 
blending, and polyvinylidene fluoride of 3 pts.wt. as a 
binder and N-methyl-2-pyrrolidone as a solvent are 
added to obtain slurry by wet blending. This slurry is 
uniformly applied on both faces of an aluminum foil 
having the thickness of 0.02mm. for example, and serving 
as a positive electrode current collector, and it is 
pressed and molded by a roller press machine after 
drying to obtain a band-like positive electrode 2. A porous polypropylene separator 3 is 
sandwiched between a negative electrode 1 and the positive electrode 2, and they are wound 
into a roll shape to form a battery element. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The nonaqueous electrolyte rechargeable battery characterized by coming to add one 
or more sorts of oxides which mix with said active material and are chosen from BaO, MgO, and 
CaO into a positive electrode in the nonaqueous electrolyte rechargeable battery with which it. is 
the cell which has a positive electrode, a negative electrode, a separator, and nonaqueous 
electrolyte, and a lithium content multiple oxide is used for said positive electrode as an active 
material. 

[Claim 2] The nonaqueous electrolyte rechargeable battery according to claim 1 which uses a 
lithium manganese multiple oxide (for example, LiMn 204) as positive active material. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the engine-performance improvement of a 

nonaqueous electrolyte rechargeable battery. 

[0002] 

[Description of the Prior Art] While miniaturization of electronic equipment and lightweight- 
ization are advanced, the request of the rechargeable battery of a high energy consistency has 
become strong further as the power source. In order to reply to the request, the nonaqueous 
electrolyte rechargeable battery attracted attention and the utilization has been tried, although 
the so-called lithium secondary battery which uses a lithium metal especially for a negative 



file://C:¥Documents%20and%20Settings¥y.shimazaki¥My%20Documents¥JPOEn¥J... 2006/03/24 



JP-A-H07-1 53496 



3/7 ^— V 



electrode was considered for possibility to be the largest, in order that the engine performance 
deteriorates remarkably, and it may powder-ize by the repeat of charge and discharge, a metal 
lithium may deposit in a dendrite and a metal lithium negative electrode may cause internal 
short-circuit, a problem is in a practical cycle life and it is now — utilization is difficult. So, 
recently, the nonaqueous electrolyte rechargeable battery which uses the carbon electrode using 
receipts and payments of the lithium ion to carbon as a negative electrode is developing. This 
cell was named the rechargeable lithium-ion battery, was begun in 1 990, was introduced to the 
world by this invention person etc., and by current, it is recognized, so that it is called a next- 
generation rechargeable battery "a rechargeable lithium-ion battery" also at the cell industry 
and a society (9 magazine Progress In Batteries & SolarCells, Vol. 1990p 209), and it has 
required the spur for that utilization. A lithium content multiple oxide (for example, LiMn2 04, 
LiCo02, LiNi02 grade) is typically used for a positive-electrode ingredient, and carbonaceous 
ingredients, such as corks and graphite, are used for a negative electrode. Actually LiCo02 is 
used for a positive electrode, a special carbon material (pseudo-graphite ingredient with a 
certain amount of random layer structure) is used for a negative electrode, and little practical 
use of the rechargeable lithium-ion battery with the energy density like 200 Wh/I has already 
been carried out. The energy density of the existing nickel-cadmium battery is 100 - 150 Wh/I, 
and the energy density of a rechargeable lithium-ion battery easily exceeds it of the existing cell. 
However, it is that a material cost is quite high as a big fault. When considering a cheap 
rechargeable lithium-ion battery, since [ like a resource ], a price fall of cobalt cannot be desired 
in the future. Therefore, in respect of a cheap ingredient, a lithium manganese multiple oxide 
(LiMn 204. LiMn02 grade) is very attractive as a positive-electrode ingredient of a rechargeable 
lithium-ion battery. Furthermore, another fault of a rechargeable lithium-ion battery is that 
degradation of the capacity accompanying a charge-and-discharge cycle is large. And the 
degradation is remarkably large what used the lithium manganese multiple oxide as a positive- 
electrode ingredient. Since, as for a carbon negative electrode, the carbon to a lithium ion is only 
dedoped by discharge by doping a lithium ion in charge to the carbon in an electrode and carbon 
itself is not accompanied by change of the big crystal structure on the occasion of charge and 
discharge, the charge-and-discharge property stabilized extremely is shown, there is little 
property degradation accompanying charge and discharge, and the repeat of 1000 times or more 
of charges and discharges is also specifically possible. However, degradation of the capacity 
accompanying the cycle of an actual rechargeable lithium-ion battery is governed by property 
degradation of a positive electrode, and cannot be said to be sufficiently satisfactory level. 
[0003] 

[Problem(s) to be Solved by the Invention] This invention relates to an improvement of the cycle 
property of the nonaqueous electrolyte rechargeable battery which uses a lithium content 
multiple oxide as a main positive-active-material ingredient. 
[0004] 

[Means for Solving the Problem] The means of technical-problem solution comes to add one or 
more sorts of oxides which mix with the lithium content multiple oxide which is positive active 
material, and are chosen from BaO. MgO, and CaO into a positive electrode. 
[0005] 

[Function] If a lithium content multiple oxide (LiMn 204. LiMn02 and LiCo02, LiNi02 grade) is 
used for a positive electrode, in the state of charge, a lithium ion will be in the condition of 
having been dedoped, and any multiple oxide will become unstable. Therefore, since positive 
active material changes gradually while repeating charge and discharge repeatedly, and the 
charge-and-discharge function is lost gradually, capacity deteriorates in connection with the 
charge-and-discharge cycle. Then^ this invention person used to find out that capacity 
degradation accompanying the increase of the stability of the positive active material of a charge 
condition and a charge-and-discharge cycle serves as a very small nonaqueous electrolyte 
rechargeable battery by mixing with positive active material one or more sorts of oxides chosen 
from BaO, MgO, and CaO, and adding in a positive electrode, as a result of inquiring 
wholeheartedly for the purpose of stabilization of the positive active material in a charge 
condition. 
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[0006] 

[Example] Hereafter, an example explains this invention in more detail. 
[0007] This invention is explained about a concrete cylindrical cell, referring to example 1 
drawin g 1 . Draw ing 1 shows the whole cell structure of this example. The cell component which 
is a generation-of-electrical-energy element for carrying out this invention was prepared as 
follows. The polyvinylidene fluoride (PVDF) 10 weight section was added to 90 weight sections of 
the meso carbon micro bead (d002=3.37A) which heat-treated at 2800 degrees C as a binder, 
wet blending was carried out to the N-methyl-2-pyrrolidone which is a solvent, and it was made 
the slurry (the shape of a paste). And this slurry was applied to homogeneity to both sides of 
copper foil with a thickness of 0.01mm it is thin to a charge collector, pressurization molding was 
carried out with the roller press machine after desiccation, and the band-like negative electrode 

(I) was created. Then, the positive electrode was prepared as follows. A commercial manganese 
dioxide (Mn02) and a commercial lithium carbonate (Li2C03) were mixed so that the atomic ratio 
of Li and Mn might turn into a presentation ratio of 1:2, this was calcinated at 800 degrees C 
among air for 20 hours, and LiMn 204 was adjusted. Eight weight sections may be added for the 
Ba02 weight section and graphite to 87 weight sections of this LiMn 204, it mixes, wet blending 
of the N-methyl-2-pyrrolidone which are the polyvinylidene fluoride 3 weight section and a 
solvent as a binder further is added and carried out, and it is made a slurry (the shape of a 
paste). This slurry was applied to homogeneity to both sides of aluminium foil with a thickness of 
0.02mm it is thin to a positive-electrode charge collector, pressurization molding was carried out 
with the roller press machine after desiccation, and the band-like positive electrode (2) was 
created. In this way, the negative electrode (1) and positive electrode (2) which were created 
were wound up in the shape of a roll on both sides of the separator made from porosity 
polypropylene (3) in the meantime, and created the cell component as a winding object with an 
average outer diameter of 15.7mm. Next, an electric insulating plate (5) is installed in the pars 
basilaris ossis occipitalis of an iron cell can (4) which performed nickel plating, and the above- 
mentioned cell component is contained. The negative-electrode lead (6) taken out from the cell 
component is welded to the bottom of the above-mentioned cell can, and the mixed solution of 
ethylene carbonate (EC) and diethyl carbonate (DEC) which dissolved one mol [/I. ] LiPF6 into 
the cell can is poured in as the electrolytic solution. Then, an electric insulating plate (5) is 
installed also in the upper part of a cell component, a gasket (7) is inserted in, and an explosion- 
proof valve (8) is installed in the interior of a cell, as shown in drawing 1 . Before the positive- 
electrode lead (9) taken out from the cell component injects the electrolytic solution into this 
explosion-proof valve, it is welded. On the explosion-proof valve, the lock out lid (10) used as a 
positive-electrode external terminal was piled up on both sides of the doughnut mold PTC switch 

(I I) , and the cell (A) with an outer diameter [ of 16.5mm ] and a height of 65mm was completed 
with the cell structure which shows the edge of a cell can in drawin g 1 in total. 

[0008] Creating the positive electrode which carries out example use of a comparison with the 
conventional method, all others were made the same as an example 1 , and created the cell (X) 
by the conventional method. The positive electrode by the conventional method is prepared as 
follows. Eight weight sections mixing of the graphite is carried out for the shape 204 of end LiMn 
of complications adjusted in the example 1 at 89 weight sections, wet blending of the N-methyl- 
2-pyrrolidone which are the polyvinylidene fluoride 3 weight section and a solvent as a binder 
further is added and carried out, and it is made a slurry (the shape of a paste). Next, this slurry 
was applied to homogeneity to both sides of aluminium foil with a thickness of 0.02mm it is thin 
to a positive-electrode charge collector, pressurization molding was carried out with the roller 
press machine after desiccation, and the band-like positive electrode (2c) was created. The rest 
wound up the same negative electrode (1) as this positive electrode (2c) and the thing created in 
the example 1 in the shape of a roll on both sides of the separator made from porosity 
polypropylene (3) in the meantime, created the cell component with an average outer diameter of 
15.7mm, after that, was made the same as an example 1, and completely created the cell (X). 
[0009] Two weight sections of MgO and the graphite 8 weight section are mixed in 87 weight 
sections of having adjusted [ LiMn / 204 ] in the example 2 example 1 , wet blending of the N- 
methyl-2-pyrrolidone which are the polyvinylidene fluoride 3 weight section and a solvent as a 
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binder further is added and carried out, and it is made a slurry (the shape of a paste). Then, this 
slurry was applied to homogeneity to both sides of aluminium foil with a thickness of 0.02mm it is 
thin to a positive-electrode charge collector, pressurization molding was carried out with the 
roller press machine after desiccation, and the band-like positive electrode (2b) was created. 
The rest wound up the same negative electrode (1) as this positive electrode (2b) and the thing 
created in the example 1 in the shape of a roll on both sides of the separator made from porosity 
polypropylene (3) in the meantime, created the cell component with an average outer diameter of 
15.7mm, also after that, was made the same as an example 1, and completely created the cell 
(B). 

[0010] a test result — after making it pass the aging period of 12 hours in ordinary temperature 
for the purpose of the stabilization inside a cell, each cell created in examples 1 and 2 and the 
example of a comparison in this way set the charge upper limit electrical potential difference as 
4.2V, performed charge of 8 hours in ordinary temperature, similarly performed discharge to 
termination electrical-potential-difference 3.0V by 800mA constant-current discharge about all 
cells in ordinary temperature, and calculated the initial discharge capacity of each cell. Each cell 
performed the charge-and-discharge cycle trial in the 40-degree C thermostat after that. The 
charging current is 400mA. and the charge upper limit electrical potential difference was set as 
4.2V, charge of 4 hours was performed, and discharge went by 800mA constant-current 
discharge to termination electrical-potential-difference 3.0V, repeated charge and discharge, and 
calculated the discharge capacity in 800mA discharge of each cell in a 40 cycle and 100 cycle 
time. The result is as having collected into Table 1. Even if the cell (A) by this invention and (B) 
repeat charge and discharge, there are few the capacity falls, and the capacity difference with 
the cell (X) of the conventional method by the example of a comparison becomes quite large at 
each [ which are 40 cycle and 100 cycle ] time as shown in Table 1. Like the rechargeable 
lithium-ion battery created by this example, in using a lithium manganese multiple oxide (LiMn 
204) for positive active material, in the especially hot charge-and-discharge cycle, capacity 
becomes less quite rapidly so that the cell (X) created with the conventional method may see. At 
the 100 cycle time, it will already become the capacity like the one half of initial capacity. 





m A h 
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9 1 8 
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9 5 4 


8 9 8 


8 8 0 




9 8 0 


7 8 2 


5 2 0 



However, as shown in Table 1, also in the cell which used the lithium manganese multiple oxide 
(LiMn 204) for the positive electrode as positive active material by the cell (A) by this invention 
which carried out addition mixing of BaO and the MgO. and (B), extremely, a degradation degree 
decreases and the discharge capacity of 880-885mAh is obtained also at the 100 cycle time. 
This will be about 230 Wh/I, if it is made into an energy density, and it also exceeds the initial 
energy density of the rechargeable lithium-ion battery which used the cobalt by which current 
commercialization is carried out. Moreover, in internal resistance change, it is at the 100 cycle 
termination time, and it was checked to change of the (X) dozens milli ohms being seen, as for 
the cell by the conventional method that internal resistance change of the cell by this invention 
has very little (A) and (B) at a number milli ohm. This invention can improve sharply capacity 
degradation accompanying the cycle which was the biggest fault of a rechargeable lithium-ion 
battery as mentioned above. In addition, although the above-mentioned example explained the 
case where LiMn 204 was used as positive active material, as an example in which the 
effectiveness of this invention appears most notably, also in the nonaqueous electrolyte 
rechargeable battery which uses LiCo02 and the lithium content multiple oxide of LiNi02 grade 
others as positive active material, this invention expresses an improvement effect. Moreover, 
although the above-mentioned example explained the case where added BaO and MgO to 
positive active material, and a positive electrode was created, the addition effectiveness with 
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same CaO is shown. 
[0011] 

[Effect of the Invention] If it is in this invention as stated above, capacity degradation 
accompanying the charge-and-discharge cycle which is the old big fault of a rechargeable 
lithium-ion battery is sharply improvable by adding one or more sorts of oxide which is mixed to 
a lithium content multiple oxide (for example, LiMn2 04, LiCo02, LiNi02 grade), and is chosen 
from BaO, MgO, and CaO, and creating the positive electrode of a rechargeable lithium-ion 
battery. Being able to offer now especially the high capacity and the long lasting and cheap 
rechargeable lithium-ion battery which an improvement effect is remarkable in the rechargeable 
lithium-ion battery using a lithium manganese multiple oxide as positive active material, and can 
fully replace the existing rechargeable battery, the industrial value is size. 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawin g 1] The typical sectional view having shown the structure of the cell in an example and 
the example of a comparison 
[Description of Notations] 

1 — a negative electrode and 2 — a positive electrode and 3 — a separator and 4 — for a 
negative-electrode lead and 7. as for an explosion-proof valve and 9, a gasket and 8 are [ a cell 
can and 5 / an electric insulating plate and 6 / a negative-electrode lead and 10 ] lock out lids. 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 
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DRAWINGS 



[ Drawin g 1] 
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mm©€% (A) Sr^lEfiUfc. 

[0 0 0 8] jtin^ 

tncizLx'^^mz^^mm (x) ^fp^sL/c, lae* 

fefc<t«iEStt;*:©<t5KbTffljt$n*. *J609iT 

ililSLfci|&*«L i Mnz 04 Sr8 QaftgBCi^^^T 



trx u X > 3 a«s6 t^^MT* sN-^5^;i'-2-fcrD 

0 2mm©7JI^5xC7A?S©i^ffilw*%— C^*U $tM 

^a-'y-'/i'T.mviammmvx^is^mmm (2 c) 

» 11 



Sf^J^bfc. mt. JiroiEffi (2 c) tllJfi«»l 1 Tfpj« 
bfct>©i:lli;ftg (1) S:^E-©IWfc#?LS3S'J:/Dtr 
k^S-t/ii^-^ (3) ^fil5^T^-;^«tc#^±^f 

T, W-i^i^mi 5. 7mm©«?&5g^^fpJSU :t:<-€- 

iomtmrnmi tmi:^izLxnm (x) sf^isujt. 

[0 0 0 9] *JS«a|2 
SliS^J lTilSL/;t©L i Mn2 O4 ©8 TSSgBfCM 

if? a&5N-^^;l/-2-tfD'J H><£jD^TffiSCil-&bT 

mmMm^t^^mtiO. O 2mm©7JW5r:>?A?B© 

S!tT»^^©iEe (2 b) Sf^^bfc, ;i©jEffi 

(2 b) t^Jl^lt?f^*£b7E:fe©tl^Dftffi (1) 
■e©[WfC#?Lg:J^U:/Dtrk>S-fe/tk-5' (3) St^ 
^■c□-;^«fc##±^fT, 5. 7mm©S 

(B) Sf^/SLfc. 

a? [0 0 10] T^xhiis* 

^^vxmmmi, 2Rixjti8f!-efp<«ufc«ffitt, 
-rnfe«?fii^SK©^sfl:*BW{c«iaTi 2^ra©x- 
i^>ifmm^mm-s'&rz.^. *«±is«bes4. 2Vf;: 
u^ix, «iaT8i$ra©^«*m^, tt««RC<«s 

•t?^T©«?i&{C':3tiT8 0 OmA©S«ag;gc«CTiK± 

nffis. ovsTffVi, ^nieti©e?&©«jfflKm^M 
*:*j&fc, ^©^#«»tt4 o'c©iss^a^f'^'-c3fe^*«■y■ 
-1•^!:7;^t^^l*fTofc, *e««Ett4 0 OmAT, *«Ji 

{S«ffitt4. 2 VtC»^L-T4^ffl®^S*ffV\ 
30 8 0 0 m A ©^^SSiSafCTif^itSJEE 3 . 0 V STfr 
oT^attSliOjgl/, 4 0U--1'5';l.*jJ;ZJCl 0 O-y-f 
^^^V-^^iSTW^-SSSOS 0 OmAttmT©»«tf«** 

ftiSO, (A) ii^U (B) fi^iS 

1 0 o-9--fi';p©#i^^Tttifc«5«K<fc*^!e*S© 

(X) ii(D^mmtti^fs.^^^<fs.^o ^^mmx 
^!S.vti^)^^iK-i:ty-Am&(Dii^\z. immmm. 

JC'J5^^7AV>j!f>1g^ffi^fc:#I (L i Mn2 O4 ) Sffi 

40 fflf mmmxvf^hitm&. (X) fc^sn 

*^;/a:o,ii«»c«^t>Tti<. 1 0 o-ij-'ri?)i.B*;Si-ett-r-c 
\zmm^m<D^^m<Dmm.t.i?.-DX\yts.o. 





mA h 


mAh 


1 oo^^-<^^;v^^<3>«a 

mAh 


K« [A] 


9 7 5 


9 1 8 


8 8 5 


S» [Bl 


9 5 4 


8 9 8 


8 80 


S« [X] 


9 80 


7 8 2 


520 
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(4) 



!|tM¥7-1 5349 6 



6 



^aBig^bfc*S!eg»c:J;SS?a (A) :feJ:rX (B) T 
iMn2 O4 ) S^fflL-fcrnffifc^JViTfe. S^T^it; 

S^ntti^ao^D. 1 0 ou--f i^;m^rt)8 8 0~ 

8 8 5mAhOtt«§«*«#&n-5. CLniiX^Jl/^^- 

^^mmt <x) »+5U:^--A©^ik*«^5n^®c 

(B) *J:»5U^-AT#fifK^)5:Vi;itd«1ftB3n 

TL iMnj O4 &d5fflLfc«-&t'OV5T!SHJL;fc*l. 
L i C0O2 4'L i N i O2 ^fficDU^^-^A^^^^K 



C a 0*t|^;^;(5:^liD^;^&^-r. 
[0 0 11] 

'f^A'^mm'BWtit^ (M^«L iMnj O. . L i C 
0O2 , L i N i O2 ^) tC^l'&LTBaO, MgO, 

c a o*^6.a«ns 1 aw±©K^b#i*^JnbTU5^'^' 
A-f :t c:nST®*^;fe^^Tabs^»« 
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1 0 



1 
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